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ABSTRACT ^ . 

Research was conducted on pilot stress during 
simulated emergency flight ^condition's. Catecholamine (adrena'iine aad 
non-adrenaline) secretion for twenty Onited States Air Force student 
pilots and thirteen instructor pilots was determined during-^daiiy 
activities, during simulated flights performed in high realism, 
simulators, and during actual flight. High realism simulation 
.resulted in a measurable stress response in botA students and ^; 
instructors; the respon^^e *a5 npt related to previous flight 
experience. One' group of students experienced power-on stalls and 
spin recoveries in the simulator prior to thedr introduction in tha 
a: 

SI 

Lmulator. Catecholamine secrt . 
different for the two groups, thus -airier aft exposure ,to the spp 
series diS no.t' alter t'he stress response of the students attei^pting a 
similar maneuver in a high realism simulator. Ta'-sk- specific hAgu 
realism simulation introduced prior to exposure to related, stressful 
in-flight tasks results in similar total stress .rest)onse, but 
somewhat -lower arousal and greater mental activity. A comparison ot 
superior and inferior students within each group suggested tnat the 
simulator^pretraining had the greatest effect on the inferior 
students. There was a significant negative relationship between 
student performance and instructor stress during the initial aircraft 
power-on stall and*spin-recovery sortie. (Author/CT) 
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STRESS AND SIMULATION IN PILOT TRAINING 

• . • I- INTRODUCTION' ^ 

Introduction 




shown 
nee 



phys1 
Rationale 

Moderate i 



potential for 



greater ^"^e^^standing of the stress^iearning milieu of fUght training. 
Objectives . 

invest'Tgatioff desianed to provide information about 
five specific questions raised 'by previous research. 

(1) Does hig^, realism simulation "result in a measurable stress 
response.' 

Hm^? Previous atrbdrne flight experience alter one's stress 
^auring simulateHt/^^Q"^ ^'n the advanced simulator for pilot 



response 

training? ^ ' y ^ 

.^■^Lf??^? ^^sk-s*pecific high realism simulation prior to exposure to 
T 3>lircraft?~^^'"'9^* lesson- umt inf luence-.stress and/or ^learning In the 



a 



u^!!r.occ L^^sk-specif ic high realism simulation prior to exposure to 
high stress ^irboy,^g sorjties differentially influence T-37 stress of ' 
superior ana infey,i-or student pilot^ within the successful range? 

...jlf. ^^e^'e a relationship between student and instructor pilot 
stress during hlg^.gtress- lesson units in the aircraft? 

MethodoTogy - ^ \ ^ 

/ The subjects y^^e USAF T-37 pilot training 'students and instructor 

-^^ iL*- ^'^ion to T-37 syllabus requirements, the student subjects 
participatea ^r) f^^^^ orientation rides and two power-on stalVand spin^ 



r«overy Maes 'h. .dvenced s,™,. gt-?II?*rulJ Jl" • 
tr*a1ning* * • - 



stress ^,.\^..ure6^Ltl]^^^^^^^ ' 



amount catechol aiflir 
I into subjects- °Hfie. 



mechanisms concerned with Wq^^-^ 

Fyrr^ti . u,orP qathened on ^ 'non-flV^nS ^^ys to Drovide" • 
Excretion data were 9 colle^.^wo also made a?*. . all 

individual baselines, .^^^'"orrespo^^ions we ^.t sortie. ' 

simulator sorties and tne ^ "^^^dipg^"^ 

Results 

nV Ms ,nc«, simulation ^e/i*pd in a measurable .^-gss response 

in bi^s>^r lid-in t-^t:^ 

previous fli experience. g^^^p stu the s^Mftor prior to 

expenencecj ^.^er-on ^J,^rai^craf?^\r;e f^ond group of sSnts (Control) 
their introduction in the t seco ai^5^"ft prior to 

experienced power-on stal^^.^^T^Pir, recj^^^oiamine excJlr^TSuring * 
their ntrodJction in th^^^ for qroups, thus a^r^'°?t exposure 

simulation vyas not diffe^e tb^ twoj^^-esponse of I^^^ttudeffts 

rtt^pt^S^MUi^ar^nfuver in ^^^^U^ simulato^^^ s^ 

. , (2) Catecholamine e^;/,f;- ^in^^^^/jr^hoieJ^ei^ jlfative 
similar for experi^en nor^'^^^'^lh^ine were diffel Thus, task 
propoYtions of ^f^l^tP^^ilation prior .to exp^^"^,; to related 

specific high realism J^^esults i ^''O^nar total stress ! nnnse, but 
stressful, ^,1ight tasks J^.^J^n sij^^^^tivity. In^J^f lords, 
TTf. simulator tr.'^e^a prior to the ai^J^t mission 

■ ^fsplay i:'s? %re:fJol Sor. -ntal^or^jfan dd 

students wbAhave not ^^lator- 

f7\ "A ^ • «n nf superior , ^ inferior students within each group. 
s>.gg«Ld\Sr?^r".°'''- ''<Zll ^reate^rrfJect on the 

'inferior students. 

i/t\ -IS ^ rorrelation l opn students' and i^-tructors' 

(4) There was no cor \^etwe«"^ ^^^^T one^f Jhe pair (IP 

catechol arriine excretion gtress , le tne k 

*Also known as adrenalin ^"^ "°'"^^renali" 



and student) djd'not seem to a^^ect the stres^ level of the other member 
of the* pair. * . 

(5) There was, however, a significant negative relationship between 
student performance and Ins**^^^^^*^ stress^ during the initial aircraft 
power-on stall and spin r^o^^^y sortie. This relationship may Indicate 
one of at least three things- Poor student performance causes an 

Increase In the stres:s leygl of the instructor pilot, (b) an Instructor 
Is more Ukaly to give a . student a poor grade when the instructor is 
under a higlf level of stress, (c) a combination of both a & b. 

Implications 

While simulation training become widely accepted. It Is commonly 
thought that because of the secure environment of the simulator that this 
type ©f training lacks th^ ''pucker factor" and therefore degrades the 
value of the training. The results of thjs research suggest that, 
contrary to popular opiniorif ^ simulator as well as an aircraft can 
invoke a stress response wh^n both devices are used to present the same* 
mission scenario. Addit iona^ ^'^^'s training can alter the stress 
response during subsequent a^^^^^^ training. The altered response 
indlcates^that extra simulator <^ides for average or below average 
students should improve thei*^ actual aircr^ift performance. These results 
indicate that this " improv^fnent is a result, of an alteration of the 
students' stress level' as y^eH ^s niotor skill practice. 

iiv Background 

The study of stress holds potential Significance for pilot training 
beca^use stress plays an impo>^t ant role in human sensing, perception and 
learning^ (Mathis, 1967). f^oderate levels^ of stress improve learning ^ 
(Levine, 1971) ; however, ^^^gh levels of stress result in behavioral * . . 
rigidity whidh increases the,t''"ie required to attain competence on a fie<^ 
task (Eysenck, 1976), In a recent experiment by Krahenbuhl, et al. " 
(1977), it was demonstrated that selected lesson units of T-37 pilot 
training were extremely str^ss^yj to student pilots. *The same 
investigatidn also suggested tl^^t flight training lesson units performed 
in an instrument flight tra^'^^'^ ( ^ow «f idel ity s-imulator) were no more 
stressful than daily activities, even though the lesson unit involved 
emet^gency procedures and vya5 expected to be' somewhat stressful. 

Moderate stress should theoretically provide the optimal leVel of 
alertness for learning and safety. Since various elements of T-37 pilot 
training were characterized by either extremely low arousal, in the case 
of simulation, or by extremely ^^^^ arousal, irt the case of the aircraft 
power-on stall and spin recovery lesson unit, it seemed appropriate to 
direct .further study toward ^^^^*^9*^aduate pilot training stress-learning 
interaction. - / \ 



This approach may also provide useful Insights regarding simulator ^ 
realism* With the growing concern over petroleum supply, more flying 
training tasks are being relegated to simulation. 'The Investigation of 
physiological responses to simulated flying and the Influence of high 
realism simulation on the airborne pHys1o1og1ca1 responses of student ^ 
pilots are areas of study which have received little »«esearch attention. 

III. -RATIONALE 

Neuroendocrine responses, indirectly assessed through urinanalysis, 
have frequently been used to reflect the human stress Incident to flight, 
training. Catecholamine excretion 1s of interest because 1t provides an 
accurate Index Qf stress and because epinephrine and norepinephrine hold 
physiological and behavioral significance for learning and performance 
(Frankenhaeuser, 1975). 

Low to moderate levels of epinephrine and norepinephrine excretion 
are related to performance in a positive manner (Frankenhaeuser, 1971) . 
At high levels of stress, the linear relationship may stm hold for 
norepinephrine (Trankenhaeuser 8. P'atkai, 1964), but may be inversely 
related for epinephrine (Frankenhaeuser, 1971). Moderate levels of ^ 
stress appear to accompany the most effective learning; therefore. It 
would seem that training procedure^ which could moderate stress would be 
beneficial in pilot training. Further information regardincj the stress- 
learning milieu of T-37 flight training could lead to stress manipulation 
and management with the purpose of improving Undergraduate pilot training 

IV. OBJECTIVES . 

The present Investigation represents a muUifaceted attempt to 
further describe, via urine catecholamine excretion, the stress 
phenomenon >9-it relates to flying training. The study was designed to 
provide information about five specific questions raised by previous 
research. These questions, significant to the understanding of the role 
of stress In pilot training, were as follows: 

(1) Does high realism simulation result in a measurable stress 
response? . . ^ 

(2) Does previous airborne flight experience alter one's stress 
response during simulated flight in the Advanced Simulator for Pilot 
Training (ASPT)? 

(3) Does task-specific high realism simulation prior to exposure to 
a stressful in-flight lesson unit influence stress or learning in the ^ 
T-37 aircraft? 
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■ *^ 

(4) Does task.-spec1f1c high realism simulation prior to exposure to 
high stress airborne sorties (iffferentlally Influence T-37 stress of 
superior and Inferior student pilots within the successful^ range? 

C.(5) Is there a relationship between student and Instructor pilot' 
(IP) stress during high-stress lesson units in the aircraft? 

It was felt that answers to these questions would help to further 
describe the role of stress 1n. altering learning and performance 1n 
undergraduate pilot training- More effective and efficient learning, 1s 
the ultimate goal of the research program, 

V. METHODOLOGY * . ^ . 

.The subjects were ^2 USAF T-37 pilot training volunteers and 31 
IPs.. Informed consent was obtained and the research was conducted In 
accordance with the principles embodied in the Declaration of . Helsinki. 

The students' normal training regime was maintained except for the- 
scheduling adjustments required by the research design,, These 
adjustments included four ASPT orientation (ASPT-OR) rides and two ASPT 
spin scenario (ASPT^SPIN) rides for the studenl^s. The IPs- also remained 
on a normal schedule except for two ASPT rides; 



its. 

i 



The students flew four ASPT-OR rides, which served two purposes. The 
first purpose was to provide a criterion for the assignment of subject s*^\ 
into groups. On each ride, the same five maneuvers (take-off, 60^ 
turns^ slow flight, straight-in approach, and landings') were scored ' ^ 
automatically with respect to time on target (within preprogrammed 
tolerances). The subjects were then rated acc'brding to their ^performance 
on the four orientation rides and systematically matched; -subjects from 
each matched pair were then randomly assigned; one to the control group 
•and one to the experimental group. The second reason for requiring all 
subjects to t)erfohn four orientation rides was to provi^de assurance that 
the mere exposure to the ASPT, rather than the content of the ASPT-SPiN, 
would not be responsible for elevated catecholamine levels should they be 
found. ^ ^ I 



Because the; -ASPT system time was' limited, the IP sub^jects did 'not 
receive the orientation. . It was felt that because of their considerable 
experience, the novelty of the simulation would not result in elevated 
catecholamine excretion levels. 

One student group (control) flew four ASPT-OR rides, flew the 
power-on stall and spin recovery (AIR-SPIN) ^series in the a.ircraft, and 
then flew two ASifT-SPIN fides. A second group (experimental) flew four 
i ASPT-OR rfbes, flew two -ASPT-SPIN rides and then flew the AlR-SPlN rides 
in the aircraft. The AIR-SPIN ride is the C2201 lesson unit as described 



^9 1^ 



in the T-37 Undergraduate Pilot Training (UPT) Syllabus (Air Training 
Command, 1975)* 

The first ASPT-SPIN lasted approximately 45 minutes and consisted of 
the following elements: 

(1) *5 minutes of flying (s-low turns, etc.) 

(2) demonstration and practice^ of traffic pattern stalls 

(3) .demonstration an^ practice of power-on stalls (two student 
triads) ' • " 

■ (4) demonstration and practice of spin prevention, low left entry 
(three student trials) 

(5) demonstration >and practice of spin recovery, low left entry (six 
student trials) 

The second ASPT-SPIN lasted approximately 35 minutes and consisted of 
the following elements: 

(1) 5 minutes of flying (slow turns, etc.) 

(2) practice of traffic pattern stalls 

(3) practice of power-on stalls (two student trials) 

(4) practice of spin prevention, low left entry (three student 
trials) 

(.5) demonstration and practice of spin recovery, low right entry 
(three student trials) 

(6) practice of spin recovery, low left entry (three student trials) 

The IPs included in this experiment were selected because each 
happened to be an instructor for one of the students being studied. Data 
from the IPs were collected on the aircraft sortie in which his student 
flew the AIR-SPIN ride. Thirteen of the IPs also flew two ASPT-SPIN 
rides identical to the one flown by students prior to the AIR-SPIN ride. 
The IPs had not participated in spin practice for approximately 6 weeks. 

Baseline excretion data (BASAL) for the students and IPs were 
gathered on 2 non-flying days. Periods of relative inactivity were 
selected to avoid academic, physical training, and flight simulator 
requirements so as to involve low-stress conditions. All collections 
(BASAL ASPT-SPIN, AIR-SPIN) were scheduled as close to midday as 



possible, so as to control for diurnal variation in icatecholamine 
excretion. . 

.Immediately prior to all timed collections, the subjects emptied 
their bladders, and were then encouraged to drink at least 200 ml of 
water each, thereby reducing possible errors due to inadequate amounts of 
urine from voluntary bladder emptying. TheAIR-SPIN collection covered a 
period lastingifrom 30 minutes prior to take-off until return to the 
flightlin'e following the flights. The exact length was noted and 
recorded. ^ 

Each specimen was then stabilized and refrigerated. All specimens ' 
were analyzed for free epinephrine and norepinephrine within 48 hours of 
collection using the Bio-Rad Laboratories (1975) resin column isolation 
technique.^ Standard solutions of epinephrine and norepinephrine and 
aliquots of standard pools were included as a check of validity. 
Duplicate determinations were calculated as a check of reliability. 

• Excretion data for the experimental student group consisted of two 
BASAL, one ASPT-OR, one AIR-SPIN and two ASPT-SPIN rides. The IPs were 
monitored on two BASAL, two ASPT-SPIN, and one AIR-SPIN (the one flown by 
their students) rides. 

• A comparison of the BASAL and ASPT-SPIN rides allowed a decision to 
be reached for the first research question, that is, whether high realism 
simulation results in a significant stress response. The Influence that 
flying- experience has on the ASPT stress response was. approached in two 
ways. First, IP and student stress responses were compared. Second, 
data from the ASPT-SPIN rides for the experimental and control groups 
were compared. Comparison of the experimental and control groups was 
used to answer question number- three, concerning the influence of high 
realism task specific simulation on inflight stress and learning. 
Comparisons of students plated into superior (upper half) and inferior 
(lower half) groups served to answer questions about the interaction of 
simulation stress and ability level. Pearson product moment correlation 
was utilized to determine the relationship between student and IP stress 
on the AIR-SPIN, which was the fifth and final research question. 

VI. RESULTS AND DISCUSSION 

Of the original, student subjects, only 20 adequately completed all 
phases of the study. Two of the subjects were eliminated from pilot 
training. Seven subjects were dropped because their training deviated 
from either syllabus (Air Training Command, 1975) guidelines or 
experimental protocol. Three additional, subjects provided extremely 
small urine sample volumes, which are known to adversely affect validity, 
and were therefore dropped from the study. 
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FIGURE 1. Catecholamine Excretion of Undergraduate 
Pilot Training Students (n=20). 



^Shown for comparison only(h = 7). 
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FIGURE 2. Catecholamine Excretion of Undergraduate 
Pilot Traininn Instructor Pilots (n=13). 
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Of th6 original 31 IPs chosen for study, data were collected on 28, 
Complete data for all experimental conditions (BASAL, ASPT-SPIN 1, 
ASPT-SPIN 2 and*AIR-SPm) were av^ailabl.e for only 13 instructor's. 
AIR-SPIN student/instructor observations were, secured for 18 'pairs. 

"Catecholamine e^cf-etion is btlieved to- be a quantifiable . 
phyltolog-lcal expreTsion of the general stress response as eXfwrienced by 
the individual (Epler, 1964). , Figures 1 and 2 depict the catecholamine 
excretion patterns for UPT students (all sub-gFoups); and IPs, . ' 
respectively. Analysis of variance with repea|;ed measures indicated ' , 
siginificant (p<0.05) overall differences among the trial means for both 
gro^psv Duncan's (Edwards, 1968) Multiple Range Test was emp^loyed to 
make multiple comparisons among the trial meains. In the case of the 
^tddents, catechiaiamine excretion was significantly (p<0.05) elevated 
over BASAL levels during each of the remaining three trials lASPT-SPIN 1,. 
ASPT-SPIN 2, and AIR-SPIN). There were, however, no differences among 
these latter three trials. The AIR-SPIN catecholamine values are 
slightly lower than fhose reported by Krahenbuhl et al. (1977) for 
another group on the same lesson unit. Somewhat surprisingly, the 
ASPT-SPIN jcatechol amine excretion levels were 127 percent higher than 
'those reported (Krahenbuhl et al., 1977) fbr'an emergency procedures 
lesson unit performed in a conventional trainer. 

Post hoc examination of trial means for the instructor pildts 
resuTte? in conclusions which paralleled the student data. Catecholamine 
excretion wa-^s significantly (p<0.05) elevated over BASAL levels during 
each of the other trials; however, tlq^three trials were^not 
significantly different from one another. The present data suggest that 
high realism simulator trainirig^can r^ult in a significant stress 
response for both student and j instructor pilots. . 

Epinephrine excretion is sensitive to emotional arousal and has been 
reported to correlate with feelings of anxiety and apprehensioh (Euler, . 
1964). Figures 3 an<!l 4 display the epinephrine excretion patterns 
observed for undergraduate pilot training students and IPs, 
respectively. Analysis of variance for repeated measures indicated 
significant (pt<0.05) overall differences among the trial means- for both 
groups. Duncan's (Edwards, 1968) Multiple Range Test indicated that for 
students the ASPT-SPIN 1 and ASPT-SPIN 2 trial means were significantly 
(p<0.05) elevated over BASAL levels and that the AIR-SPIN condition 
resulted in epinephrine excretion that was ^ignificSintly (p<0.05) higher 
than B;^SAL or either of the ASpT-SPIN rides. It therefore appears that 
high realism simulation can elicit emotional arousal in student pilots,^ 
although it does not match the arousal levels experienced in the aircraft 

A post hoc comparison of trjial means for instructor pilots resulted 
in conclusions slightly different from those drawn for the students. 
Epinephrine excretion was Significantly (p<0.05) elevated over BASAL 
levels during each of the Other three experimental conditions (ASPTtSPIN 
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Epinephrine Excretion of Undergriciduate 
Pilot Training Students (n=20). ' 




^Shown for comparison only(n = 7) . 

' • 15 / '^3 



ERIC 



a: 
o 

X 



a: 
in 



a. 

UJ 



J- 
■ / 



45- 

40-- 

L 

35-- 
30 + 

25 
20 

10 
5 

•0 



'V 



-A 4 



Mean + SEM " . .... • 
.;JSiignif.icant (P<0.05) differences 



to 

CO 



a. 
.to 
I 

h- 

' Dl. 
to 

<: 



to 
I 

h- 

to 
<: 



■ -r 



'FIGURE 4. 



Epinenhrine Excretion of ii^dergrac 
Pilot Training Instructor Pilots 



1X3) 



16 



/19 



^1' nT^JN ^ AIR,^ ' however.' the. '^''lat-ter'conditt ".,-h*' ■ 
^t>i.ved:/'?..4Vf>,L.?^Ho «ilot "^V'^'HS J^owever. th'^Usal^ ^ 



■<ng/min) 



65.1 i^-e 



4;? 



29.3 i 
51.3 i 



*^14.3 i 3.2 
41.6 i 3.1 
65.9 i 4.6 ^ 


1.747 
^ 0.854 




-ft 


:i6.6 i 3.4 
45.2 + 3.2 
r 61-8 i)4.4 


■ 1..^3 
' 0.103 


16.2 + 2.4 
40.7 + '4.5 
66.9 + 5.9 


I 4' 563 

' 2>31 . 
6.583 



jtress 

condition'^^ors the 

ch Were J^^co'^l 'for 
nfl.exDev-r'JsiW,. the 



-role of ^rparlS ^U^nng *^^^pir desial ^lowe^^C' dU^^'^Q' th^^ a^^cPlN 
instructors P^tic,- ^^ " Jecu^^^Hed [°]"?^,e ^^^ident VrR'f,^^ot-e. 
sortie \hln ble, a be.t P .,^Jt o that ^a1iy ( ^01. 4^^ 

previously^ ^.p g. <'^s ^^gre "o^f'iator. u^^^T o[2^';'^ the nov^^ and 7.^ 
/experience ;^3-^^^ew^iat reflected fes^ ^ An Jl,,^^ r^ence 
'between ^^'"perf oL^^aim'ng and J U is observe^s^^tio" ^^^55 ^ 

-the correj 5 ^ statisJic^^jR.Spyyi^.icant^ ' ^ying exp. i-elj^^ y 
between stj^^ su^^Pon^e on ?5%hould ^nd f howeV^'^i ^^^^ J^e^'JlN ' , 
seem^eWhne Ix?^isin9; 'for iPs .^oted; IZUf^^^ ^hJ^^K \p% 
, catec»f;Sr t ^Jtion, -elSp^^^.p^^ W^,3 n ^ was ' 

they were . e ASPT-^^^^"^- u^t amono ^s ^r'„raA p^'°ts th^'^ter" 

stress X^^^ IPs. 

Anoth^'j^^^JjV^,,, of inte^^^^iij t^, investigJ^^^J 
r,elati6nsj;P ^^w^^n Instructor f ot ^t^^s and ^t^^ ^.d nt 

and i^^^c^ple r^chol-;ne^^,^,bie^^ ^^f^l'ffc^''^ ^ 
:ratrs??ca11y sil^^au ^^^^^ ^^^^ ^ 



18 



A*significanf (p<^.05) negative correlation of -0.436 was ^und to 
exist between instructor pilot catecholamine excretion ar^l student 
performance the AIP-SP^N r*ide, as reflected by the student's assigned 
grade. / '"^'"efore, poor student performance was accompanied by high 
instructor stress/ and -good student performance was. accompanied by low 
instruc|or^ stress. - . ' 

^. On,e of the prin,a^'y contrasts °^ interest in the current study was"^ 

comparisjjn of AlR^^pjj^ stress responses rff students who received ASPT-SPIN 

experience prior t;^^ ^fie 'AIR-SPIN (experimental) and students Who did not 
rteceive this treatn,gnt (control). 

' Table 2 dispig the descriptive and inferential . values of the control 
{0«10> and experinj^^^gi (n=10). groups. There were no significant 
differences betwe^,, the experimental and control groups on any of the BASAL 
flieasjires. The most interesting feature provided by the BASAL data is the ^ 
relatively high. norepinephrine means for both groups. Norepinephrine 
excrelion is genera^y elevated by physical (6) and mental (13) work. 
S^nce Physical activity was at a minimum daring the BASAL collectidns, it 
was concluded that ^the time periods selected for the BASAL measurements . 
included ^ signif^^^^^ amount of cognition by the subjects. The AIR-SPIN 
catecholamine excretion means for the experimental and control groups did 
not differ signifi^g^tly. jt was therefore concluded that ASPT practice on 
power-on stall and spi" recovery itenis did not reduce the total stress 
exp^ienced by s^jb|ects on their initiaTSPIW ride on the T-37 aircraft. 

Hig^i )^y!]s of*^ epinephrine have beerl shown to accompany mental 
excitement (6), confusion (8), and treianr (15), all of which indicate a 
lack of control and could ad\/ersely affect piloting abilities. 

^Norepinephrine excretion has been shown to rise with physical efforts where" 
events are under the controVof the subject (13). The fractional amounts 
of epinephrine and norepinephrine for the experimental and control subjects 
(Table 2) on the AIR-SPIN demonstrate different excretion patterns for the 
two groups. The control group's mean for epinephrine excretion during the 
AIR-SPIN condition was 91 percent higher th^an the experimental group's 

.rnean, Conversely^ ^^^e e-xperimental group's mean for norepinephrine 
excretion during the AIR-SPIN condition was 34 percent higher than the 
control group's mean. The difference between groups was statistically 
significant at the conventional p<.05 for epinephrine excretion, and a p< 
.12 was observed norepinephrine excretion. When a ratio was created by 
dividing norepinephrine by epinephrine excretion,' group differences on this 
ratio were signifi^,g^t at the . 01 level of confident Thus, it appears 
that ASPT exposure and practice on power-on stallsjpn spin recoveries 

.■result in a stress response of a somewhat differOTcnature in that a lower 

'level of emotional arousal and a greater amount of mental work are 
experienced. 



comparison of .E'<P»'-V„„1 and Cont^orGrouB,^ 

BASAL • ] . 

. ' 4.4 4. 3.8 + Q K 0.438 

Epinephrine (ng/min). 37.5 J 0.7 34.8 7 3'^ o.219 

^lorepinephrir^g (ng/min) . 42.0 ^-^ 38.6 + 37 . 0.319 

^ Catecholamtna (ng/min) 10.5 > ^.7 11.9 + 2*' 0.182 

* NE/E Ratio +2.2 • - ^-4 

'ASn^^PlNJ,^ ' . . • • 

. , . 11.6 + ^ 12.2 + 3 0 0.026 

Epinephrine (ng/tnin) - 52.7 J 2.3 54.1 + g*^ , 0.009 

Norepinephrif^g (ng/mip) 64 3 J 5.1 66.3 + g-J ( 0.OI6 

Catecholamine (ng/min) 5 8 > ^.3 7.g + ^'^ 0.589 

NE/E Ratio t 0.9 . - ^'^ 

ASPT-SPIjL2^ 

^~7~ . N 10-2 + , o 13.1 + 3 ^ 0.567 

Epinephrine (ng/mm) 51, g J 1.9 - 54. g + g-^ o.057 

Norepinephrine (ng/min) 62 1 J 6./ 68.0 + g*; 0.147 

Catecholamine (ng/min) s'.? J 7.8 .7.1 + o.l54 

NE/E Ratio :t 3.6 - ^'^ 

AIRJPIN 

20.2 o 38.4^ + 8 4.463a 

Epinephrine (ng/min) • 58.7^3.2 43.9+6*2 2.612 

Norepinephrine (ng/min) 78 g ^1 6.8 82.3 + g'^ 0.066 

Catecholamine (ng/min) 34-^8./ I.5 +0*^ 10.848^ 




NE/E Ratio ^g'.e i ^-l ' 29'.4 + {'l 0.'o67 

C2201 Scorec -o + « o - i.? 



. .asignificant (p<.0.05) F ^^JJo" 
V;,.bsignificant \l<O.Ol) ^ '^'^ °' 



Power-on Stan '^^overY 

nerformed i-l corties prior to i-u^ aIR-SPIN 
"?r4r„:"k;'jrcS"'^°' <l%rfor^^' tn™ fo^^^)%\y,. series. 



In spite of the difference catecholamine excretion, there were no 
significant differences In the mean pelrformance scor>es of the experimental 
and control groups (C2201 less^" u'^lt). It appears tha* although stress 
responses were altered by the ^^sk^specif 1c pre-training,/ the acquisition 
of skill (as demonstrated by P^^^^^iince) was not affected by' the 
experimental treatment. 

An interesting final c(^p^^^^^^ from Table 2 is that ofl excretion 
"values on the two ASPT-SPiN rides for experimental andVontrpl groups. 
Since the experimental gr^up V^^^^^ed \imse sorties prior to the AIR-SPIN 
ride, while the control groUP Performed them^ollowing the completion of 
the AIR-SPIN series, it waS ^^^t ^^^^ this eliparison would* indicate the 
Influence of specific related aircraft experience on stress response^ Which 
accompany simulator training- comparisons was statistically 

significant. This indicates t^^* the ASPT-SPIN scenario employed in this 
study or the high fidelity si^Tf^^^^^on resulted in a signif'icant increase in 
stress (sree Figure 1} and that the 5tress response is not modified by 
related aircraft experience- result is consistent with the' 

aforementioned lack of relationship between flying experience and ASPT 
str^ess in IPs. 

An earlier study regarding stress in T-37 pilot training (Krahenbuhl et 
al., 1977) reported differences fn the stress response between students of 
superior and inferior abliitVf Tl^erefrre, the students in the present 
study were placed into tvyo superior and two inferior groups using the same 
scores used to match subjects P^^ior to their random assignment into 
experimental and coptrol groups. A graphic illustration of the AIR-SPIN 
stress response of/the expei^i'"®"*^^ and control groups is provided in 
Figure 5. Epinephrine excretio" levels were similar for the 
experimental-superior, experifTf^."*^^-inferior and control-superior groups; 
however, the control-inf erioi^ group evidenced an excretion rate 
approxinjately double that of other groups. A similar, but less 
pronounced difference was noted for catechol amfine excretion. These data 
suggest the ^possibil ity that the ASPT experimental treatment helped reduce 
emotional arousal and stress ^"ferior subjects, but had little influence 
on the superior subjects. 

VII. CONCLUSIONS 

The present study represented a multif acetec) attempt to describe, via 
ca1;echo>amine excretion, st'^^^^-^^ ^t relates to flying training. Data 
were collected during daiiy activities (BASAL), during sorties performed in 
high realism simulators, and during actual flight. The following 
conclusions were drawn: 



(1) High'realism sirriuUtion Results in a measurable stress response. 
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(2) The ASPT stress response was similar in students and in 
instructors and was not related to flight experience, 

(3) Aircraft exposure to the power-on stall and spinj-recovery (:^id not 
alter the stress response of the students attempting a sif^llar maneuver in% 
a hTgh realism simulator. The stress response must be explained by the ^ 
realism of the simulator and/or the^'^ scenario used In. this experlinent. Less 
realistic simulators have failed to evoke a stress 

response, and novelty does not provide a plausible explanat^ for the ' . 
simulator associated stress s^nce the experimental des1%ff*|^^1ded control 
for this problem. * s 

(4) Task-specil|jc high realism simulation prior to exposure to pelated 
stressful infl ight tasks results in an aUered stress response , compared to 
that found in groups not receiving this treatment; Studertt allots who 
received simulation pretrainirtg experienced^ lower arousal antf g^^ater' 
mental activity during stressful in-flight lesson units than dl0£^|ttrol: 
subjects. A comparison of superior and inferior students with^Ti"nMich / 
group, however, suggested that the simulation had the greatest effect on * - 
the inferior students. ^ . \ 

(5) There was no relationship between student and instructor stress 
during th^ power-on stall and spin recovery lesson idrl^'^n T-37 pilot 
training. There was, however, a significant 'ne9ati.^p.^etati^ between 
student performance and instructor stress. ^ 

Interpretation of the data from this investigation suggests that the 
ASPT provides a learning environment which is capable of producing a 
moderate stress response. The charar^er of this response across various ^ 
training program elements and its significance to undergraduate pilot 
training remain to be explored. 
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